In the present study, we report the first comparison between the aerosol optical depth 34 (AOD) and Angstrom exponent (AE) of the MODerate resolution Imaging Spectroradiometer 35 (MODIS) instruments on the Terra (AODt) and Aqua (AODa) satellites and those measured using 36 a sun photometer (AODSP) at Camagüey, Cuba, for the period 2008 to 2014. The comparison of 37 Terra and Aqua data includes AOD derived with both Deep Blue (DB) and Dark Target (DT) 38 algorithms from MODIS Collection 6. Combined Terra and Aqua (AODta) data were also 39 considered. Assuming an interval of ±30 minutes around the overpass time and the area of 25 km 40 around the sun photometer site, two coincidence criteria were considered: individual pairs of 41 observations, and both spatial and temporal mean values, which we call collocated daily means. 42 The usual statistics (BIAS, MAE, RMSE) together with linear regression analysis are used for this 43 comparison. Results show very similar values for both coincidence criteria: DT algorithm 44 generally displays better statistics and higher homogeneity than the DB algorithm in the 45 behaviour of AODt, AODa, AODta as compared to AODSP. For collocated daily means: a) 46 mean square errors (RMSE) of 0.060 and 0.062 were obtained for Terra and Aqua with the DT 47 algorithm and 0.084 and 0.065 for the DB algorithm; b) MAE follows the same patterns; c) BIAS 48 for both Terra and Aqua presents positive and negative values but its absolute values are lower 49 for the DT algorithm; d) Combined AODta data also give lower values of these three statistical 50 indicators for the DT algorithm; e ) both algorithms present good correlations for comparing 51 AODt, AODa, AODta vs. AODSP, with a slight overestimation of satellite data compared to 52 AODSP, f) DT algorithm yields better figures with slopes of 0.96 (Terra), 0.96 (Aqua) and 0.96 53 (Terra+Aqua) compared to the DB algorithm (1.07, 0.90, 0.99) that displays greater variability. 54 Multiannual monthly means of AODta establish a first climatology more comparable to that 55 3 given by the sun-photometer and their statistical evaluation reveals better agreement with 56 AODSP for the DT algorithm. Results of the AE comparison showed similar results to those 57 reported in the literature concerning the two algorithms' capacity for retrieval. A comparison 58 between broadband optical depths (BAOD), derived from broadband pyrheliometer observations 59 at the Camagüey site and three other meteorological stations in Cuba, and AOD observations from 60 MODIS on board Terra and Aqua show a poor correlation with slopes below 0.4 for both 61 algorithms. Aqua (Terra) showed RMSE values of 0.073(0.080) and 0.088(0.087) for the DB and 62 DT algorithms. As expected, RMSE values are higher than those from the MODIS/sun photometer 63 comparison, but within the same order of magnitude. Results from the BAOD, derived from solar 64 radiation measurements, demonstrate its reliability to describe climatological AOD series 65 estimates. 66 67
Introduction
Applying the Ångström power law, we converted single sun photometer AOD observations at 500 217 nm wavelength to AOD at 550nm, (AODSP) using the AESP from the same measurement: Depth(BAOD) 222 Four actinometrical stations belonging to the "Diagnostic Service for Solar Radiation in Cuba" 223 provided the DNI observations used to derive the BAOD (Antuña et al., 2008; 2011) . Table 2 lists 224 the WMO code of the four stations, the geographical location and the number of observations 225 available for the periods at each station. Figure 1 shows the geographical location of the four system with a 5º field of view connected to an analogic galvanometer, GSA-1MA or GSA-1MB 230 model (GGO, 1957) . 231 Calibrations of all the actinometrical instruments are conducted periodically by comparison 232 with a master broadband pyrheliometer and a master pyranometer. Trained observers perform 233 hourly manual observations from sunset to sunrise, following the standard methodologies and 234 quality control procedures established for this set of instruments (GGO, 1957 robust quality control of input data, its processing and output quality control (Antuña et al., 2011) .
240
Because of the ageing of the Soviet era instruments, the magnitude of the error associated to the 241 broadband pyrheliometers currently operating in Cuba is estimated to be around 10 %.
242
Based on the model parameterization of solar broadband irradiances, the integrated aerosol 243 optical depth δa, BAOD, can be obtained using equation (2), where direct normal solar irradiance 244 (DNI) is measured and the remaining variables are determined independently (Gueymard, 1998) .
The individual atmospheric processes considered are: Rayleigh scattering, absorption by 248 ozone (O3), stratospheric and tropospheric nitrogen dioxide (NO2), uniformly mixed gases, water 249 vapor, and extinction (mostly scattering) by aerosols. The variables in equation (2) between the broadband pyrheliometer and a region of 5° around the sun (GOAC, 2010) .
260
Furthermore, to avoid errors associated with high elevation zenith angles, causing larger air masses, DNI observations performed at 6:00 and 18:00 Local Time (LT) were not used in the 262 present study.
263
The main errors of the method for determining BAOD are associated to instrumental errors 264 and the error when estimating the precipitable water (PW) component (Gueymard, 2013) . In the 265 first case, in order to ensure the quality of the solar radiation dataset from the four actinometrical 
272
The size of the field of view of the broadband pyrheliometers is another potential source 273 of error since, in certain cases, circumsolar radiation causes more radiation to be measured than 274 expected. In such cases, the effect is an underestimation of BAOD. Nevertheless, this effect is low 275 in general, except in specific conditions such as large air masses, in the presence of high aerosol 276 loads or of large-particle aerosols (Gueymard, 1998) .
277
Monthly mean PW values at the four actinometrical stations were used as input to derive 278 monthly mean values (Gueymard, 1998 uncertainty of the method used to determine BAOD is in the order of 10 -2 (Gueymard, 1998). 285 Obtaining sufficient AOD satellite observations over land for climatological studies in Cuba. In response to this, we plan to use the MODIS L2 product to produce aerosol climatology 294 for Cuba rather than L3, which is commonly used for this type of studies. In this regard, it is vital 295 to validate the single observations from MODIS L2 with the single sun photometer observations. 296 We designed and applied a method to maximize the available pairs of MODIS L2 and sun 297 photometer AOD and AE observations coincident in space and time, avoiding duplicating the use 298 of any of them. Additionally, in an effort to increase the amount of data, we tested the differences 299 between Terra and Aqua L2 MODIS AOD and AE observations in order to determine the possible 300 combination of both Terra and Aqua in a single dataset.
Coincidence criteria for MODIS and Sun photometer observations

301
Hereinafter, AODt, AODa, AODta and AODSP will denote spatio-temporal AOD from 302 collocated MODIS (Terra, Aqua and Terra + Aqua) and AERONET sun photometer data, 303 respectively. Unless otherwise indicated, "AOD" refers to AOD at 550 nm wavelength. Similarly,
304
AE from Terra, Aqua and Terra + Aqua derived using only the DB algorithm will be denoted as these observations "single observation values"; using the same denomination for the instantaneous 310 sun photometer observations on each day and for hourly broadband pyrheliometer observations.
311
Another way to increase the amount of data was to combine AODt and AODa (AODta) for 312 comparison with AODSP and BAOD. In these cases, different observations of AODSP and BAOD 313 match AOD t and AOD a because the time difference established for coincidence (± 30 min) is lower 314 than the difference between the Terra and Aqua daily overpass times.
315
Spatial coincidence criteria were guaranteed by selecting all the AODt and AODa measured 316 inside the 25 km radius around the sun photometer site for the whole data period from each satellite 317 sensor. Table 3 shows the amount of spatial coincident information for non-negative AODt and
318 AODa values. It shows the amount of data available for the whole period 2001 to 2015, when 319 broadband pyrheliometer observations at Camagüey are available, and 2008 to 2014, the period of 320 available sun photometer observations. There are at least twice as many available observations 321 from Terra as from Aqua for the two periods. The greater number of available data from Terra 322 compared to Aqua is associated to the different overpass times of the two satellites over Cuba.
323 Figure 2 shows that Terra overpasses occur in the mid to late morning before convective activity 324 begins, while the Aqua overpasses take place in the early afternoon when convection has already 325 begun, causing a higher number of observations to be discarded in AOD retrievals due to cloud 326 presence.
and a "collocated daily means" dataset separately to analyze this comparison is based on: a) the 
